Introduction
Aquaculture is a major food-producing activity that is growing steadily, coupled with growing population density and land use needs of other industries. To maintain growth, aquaculture must shift to intensive or semi-intensive practices, effective and sustainable use of resources, and sustainable environmental stewardship. This often requires application of technologies that increase production efficiency and avoids competition for space and resources with other activities, such as agriculture and ranching. Aquacultural practices must be sustainable and minimally destructive to the environment, maintain quality and safety standards, and enable efficient use of space and natural resources and possibilities for expansion. Technology alternatives that reduce environmental impact and are efficient without affecting the health and growth of stock organisms must be incorporated into current practices. One option is to apply biofloc technology. Biofloc forms naturally in pond water as aggregates of nitrifying bacteria, organic material, inorganic flocculants, and suspended algae. These ingredients serve as food for the stock under cultivation and promote direct use of nitrogenous compounds in feces, urine, and food waste. Activity of nitrifying bacteria increases with addition of carbon sources and constant aeration, which maintains or significantly improves water quality during cultivation. Thus, the large volume of water required in intensive aquafarming is greatly reduced [1, 2, 3 ]. An example is using biofloc during cultivation of the Malaysian river prawn Macrobrachium rosenbergii. The approach led to major savings of water, without affecting the quality of the prawns.
What is biofloc?
Biofloc culture is a system where, after adding a carbon source and providing constant aeration, biofloc bacteria maintain water quality during cultivation of freshwater shrimp. The metabolic processes and biochemical transformations take place directly in the water column, which promotes overall balance of the system and the health of the farmed shrimp. The biofloc forms in the pond water naturally as aggregates of nitrifying bacteria, organic material, inorganic flocculants, and suspended algae. The algae serves as food for the pond stock and the bacterial promotes direct conversion nitrogenous waste to simpler compounds. The selfcycling process maintains or greatly improves the quality of the pond water during cultivation. Improvement in water quality drastically reduces the need to cycle large volumes of additional water in the farm pond system. This leads to a sustainable activity that is in balance with the environment and reduces the cost of water and feed for the pond stock [1, 2, 3] (Fig. 1) .
Figure 1. Biological processes in biofloc cultivation
In a biofloc system, the biological nitrification process occurs in three stages. In the first stage, bacteria of the genera Nitrosomonas and Nitrosococcus act on ammonia (NH 3 /NH 4 ) generated by food scraps and feces and urine. The waste is oxidized to nitrite (NO 2 ). In the second stage, the nitrite is converted to nitrate (NO 3 ) by bacteria of the genera Nitrobacter and Nitrospira. The nitrate is reduced to nitrogen gas (anoxic denitrification) by bacteria mainly from the genera Achromobacter and Pseudomonas [4, 5] .
Biofloc are of two main types. Classification is based on the amount and nature of organic matter and its component organisms, the latter can be bacterial or autotrophic, mainly composed of algae. The importance of this is that, in both cases, the microorganisms present in the bioflocs maintain water quality because they decrease nitrogen compounds and are also nutrients for the bacterial and algae. It is important to understand that, depending on the nature of the biofloc microorganisms, their nutritional quality can vary. This affects the supply of nutrients for the stock organisms in the ponds (Fig. 2) .
Biofloc of bacteria
Biofloc of algae Biofloc of bacteria-algae The microorganisms that populate biofloc systems typically inhabit natural aquatic systems. Their presence depends directly on two environmental variables: intensity of solar energy absorbed by the system and the concentration of organic matter and carbon sources that enter the system. In a biofloc system, colonies of bacteria depend mostly on organic matter present in the system for survival and proliferation, and, to a lesser degree, on the intensity of sunlight. Bacteria are also directly dependent on the system to supply constant aeration because the bacteria consume large volumes of oxygen, which is, in turn, directly related to the bacteria consuming carbon from the system. The carbon is a source of power for growth and proliferation. The concentration of carbon in the system must be maintained at a C/N ratio appropriate for maintaining reproduction of bacteria with inorganic nitrogen to a maximum concentration of 200 mg L -1 [6] . This level is an indicator that the system is effectively and economically controling nitrogen. High concentrations of nitrogen will usually upset the balance of the system and affect the health of stock species, especially shrimp.
In a biofloc system based on bacteria and algae, nitrogen compounds are removed as bacteria increased uptake of ammonium and better control the products of waste. This does not depend on the intensity of sunlight to run efficiently. In a microalgal biofloc system, productivity depends directly on sunlight; excess illumination can generate an excess of algae, which leads to low oxygen at midday. Hence, a system using microalgae and bacteria will be a more efficient alternative bioremediation because it is possible to maintain an efficient balance between nitrifying bacteria and algae to maintain a suitable level of nitrogen, a balanced C/N ratio, and sunlight. The diversity of live food available in ponds also increases in mixed biofloc systems, which brings benefits to the stock under cultivation. This includes reducing the amount of artificial feed necessary to meet nutrient requirements under semi-intensive and intensive pond farming. It also includes nutritients not present in synthetic diets. Not to be dismissed lightly is the great savings in costs of providing fresh water and handling organic wastes in water discharge.
Source of energy for bacteria and algae in biofloc
The microorganisms that form the biofloc and process nitrogen compounds that pollute fish pond water need a source of energy for metabolism. In aquatic biofloc systems, there are three likely energy sources, depending on the nature of the organisms present in the biofloc system (bacteria-algae aggregations). Most important is sunlight, which is the main source of energy for phototrophic microorganisms, such as algae and vascular plants. Solar reception can be controlled or semi-controlled to support the needs of the biofloc crop and promote any type of biofloc system. The second source of energy is the forms of inorganic compounds that are used by the microorganisms that oxidize reduced forms of simple compounds, especially nitrogen to obtain energy. In fish farming, by metabolizing organic nitrogen and ammonia, nitrogen is oxidized to nitrite and nitrate. The third source of energy is organic compounds that are transformed by microorganisms that derive energy from the metabolic oxidation of organic carbon and transform it to carbon dioxide.
Both chemothrophic and phototrophic microorganisms naturally consume and deplete nitrogen concentrations in the water because of the relatively large quantity of energy sources that are present, but also because this is an indispensable function of the microorganisms. Transformed energy is used to synthesis proteins from the nitrogen sources.
Systems for cleaning and wastewater bioremediation, using microalgae and bacteria, is a widely known technology; however, in aquaculture systems, they should be used with caution because, with microalgae, the efficiency of the system depends directly on solar energy and intensity, which in open systems can be a risk because there is no control over productivity [7, 8] . An excess of primary production leads to constant consumption of oxygen during the night. On cloudy days, productivity will reduce water quality.
Biofloc or nitrifying colonies of bacteria in aquaculture requires incorporation of additional carbon sources into the system to adequately reproduce biofloc and maintain high density because carbohydrates in the system may be insufficient. Some of the main sources of carbon that can be used in aquaculture crops are: glycerol and sodium acetate, sugar, tapioca flour, wheat flour, and molasses [9, 10, 11, 12, 13, 14] . Use depends directly on the local costs of these products. For a biofloc system to operate efficiently, it is best to maintain a C/N ratio between 10:1 and 20:1 [15, 1, 16, 17, 10] . The amount of carbon depends on several factors, including: water quality, physiology and growing body density of the stock, quality and quantity of food to be cultivated, and solubility of the carbon source. The carbon additive must be continuously monitored to ensure that the system is functioning properly.
Ecological importance of using biofloc in aquaculture
Biofloc technology provides more efficient and sustainable aquaculture by reducing environmental impacts. One major advantage is reducing the volume of water required by the system during cultivation. Biofloc in the cultivation system uses the initial water volume throughout Sustainable Aquaculture Techniquesthe production cycle and needs additional water only to replace water lost by evaporation, leakage, or to remove organic material during production. The biofloc microorganisms serve as natural food, depending on the eating habits of the stock species. This will reduce consumption of artificial food and lead to more efficient conversion of food. Biofloc is more than a supplemental source of nutrients in aquatic systems. It brings economic benefits during production and enables more efficient use of resources, given that the main source of protein during production is fish meal. Fish meal often comes from overharvesting of fisheries. Considering the rapid growth of pond farming, biofloc can directly contribute to reduced pressure on fisheries.
Physical-chemical parameters of water in the biofloc
Efficient operations with biofloc aquaculture systems depend on maintaining water physicochemical parameters within the range of tolerance of cultivated stock because this affects yield per unit volume. This is important because biofloc pond farming is a form of simple and complete synthetic ecosystems, based on three components that interact in the same space: (1) Stock of one or more commercial species; (2) Microalgae interact and function as biofiltrates that also have oxygen demand and, like commercial stock, produce metabolites; and (3) Bacteria responsible for transforming nitrogenous metabolites that are used by the planktonic microalgae. The purpose of a complex pond ecosystem with a biofloc cultivation system is the comprehensive use of energy and biotransformed products that maintain water quality and provide natural nutrients that promote the health and quality of a commercial animal crop without negative impacts on adjacent water bodies.
Water quality in aquatic systems is directly related to biological and chemical processes that occur in the aquatic environment and depend on several factors.
Dissolved oxygen
Oxygen in aquatic systems should be >5 mg L-1. In a biofloc pond system, the bacteria and algae that form the biofloc also have oxygen demand, so competition can occur in the pond. It is recommended that dissolved oxygen be maintained at 7-8 mg L-1 to ensure proper functioning of the system.
pH
pH should range from 6.5 to 9, depending on the cultivated stock. Aslo, pH <6 and >8.5 usually affects the efficiency of the biofloc components, as well as growth and survival of the cultivated stock. In a biofloc system, pH varies during the day as concentration of carbon dioxide build up from the respiration of the stock. We recommend a range of pH 7.0-8.5, which favors functioning of biological cycles in the system. To maintain the pH balance, low pH can be adjusted with calcium hydroxide, potassium hydroxide, sodium carbonate, or sodium bicarbonate. High pH can be adjusted with carbonic acid, hydrochloric acid, sulfuric acid, phosphoric acid, or their salts.
Dissolved solids and volatiles
Bacteria depend on suspended solids as a substrate for adhesion and as a source of energy from carbon. We maintained concentrations of suspended matter in the range of 250-450 mg L-1, which ensures efficient bacterial activity. An excess of suspended matter can affect breathing processes in the stock species, lead to stress, or, in extreme cases, lead to death by clogging gills. Cultivation of Litopenaeus vannamei, in one biofloc system contained 453.0 ± 50.0 mg L -1 total suspended solids and 256.0 ± 106 mg L-1 volatile solids, which improved shrimp production and provided efficient exchange of oxygen [18] .
Turbidity
In aquaculture systems, transparency is directly affected by the amount of organic and inorganic matter in suspension (suspended solids, phytoplankton, zooplankton, and bacteria). Turbidity is measured with a turbidimeter or nephelometer, which uses a beam of light passing through a water sample. In aquaculture, a Secchi disk is frequently used because turbidity is measured by the depth when the disk cannot be seen. Solar heating of the water is also affected by transparency or turbidity. Using the Secchi disk, turbidity of 35-40 cm is acceptable. Turbidity produced by plankton in pond water should be >30 cm [29] . Higher cocentrations of plankton can increase oxygen demand of the fish stock during the night, when the same plankton community that contributes to the turbidity and dissolved oxygen during the day competes with the fish stock at night. Low oxygen not only damages the stock, but also affects the biofloc bacteria and plankton. Oxygen demand may increase up to 300% overnight. A simple method for maintaining the concentration of suspended matter at optimal levels is by sedimentation, using tanks with conical bottoms to remove solid waste in the recycling systems [19] .
Temperature
Temperature is one of the most influential parameters in fish pond systems because it affects the metabolic rate of cold-blooded fish and microorganisms, oxygen consumption, pH, and concentrations of ionized and un-ionized ammonia during cultivation. The temperature range will depend on the stock species and the bacteria adapted to the system temperature, as well as environmental and seasonal variations. This is important because biofloc systems are more efficient when water temperature is between 28 and 30 °C. [20] Reports that nitrifying bacteria can support a range from 8-30 °C, but efficiency is reduced by 50% at 16 °C and by 80% at 10 °C.
Total Ammona-nitrogen
Total Ammona-nitrogen is the excretion product of feces and urine of fish, uneaten food and matter in descomposition, phytoplankton and zooplankton. Ammonia-nitrogen toxicity on aquatic organisms has been attributed to ammonia or non-ionized ammonia (NH3) (gaseous), while the ionized ammonia or ammonium ion (NH4) is considered not significantly toxic or less toxic [42] .
The reaction that occurs is as follows. Ammonia-nitrogen toxicity in the unionized form (NH3), increases with a low oxygen concentration, high pH (alkaline) and a high temperature. With a low pH (acid) is less toxic. A high concentration of ammonia-nitrogen in the water has effects on the cultured organisms, causing blockage of the metabolism, affecting the balance of salts in the osmoregulation, which produces gill internal organ damage, immunosuppression and susceptibility to diseases, reduced growth and survival. In cultured crustacean as Litopenaeus vannamei, ammonianitrogen concentrations should be less than 1.2 and 6.5 mg / L in post-larvae and juveniles [36, 37] . The recommended concentrations less than 1.5 mg / L in cultures with biofloc.
Nitrite-nitrogen
They are a vital parameter for its high toxicity and for being a pollutant. The transformation process to ammonia-nitrogen to nitrite-nitrogen and their toxicity form depends on the amount of chlorides, temperature and oxygen concentration in the water. The main toxic effects of NO2 are those who have a direct effect of transport of oxygen, oxidation of important compounds and tissue damage. Nitrite-nitrogen in the larvae of M. rosenbergii tolerate concentrations of 2 mg / L, increasing their tolerance as they grow, and can support up to 16 mg / L of nitratenitrogen, however reduce its growth rate and culd cause their mortality [38] . Recommending nitrite-nitrogen concentration less than 2 mg / L in cultures with biofloc.
Nitrate-nitrogen
Nitrate-nitrogen is the end product of aerobic nitrification [32] , are considered the less toxic inorganic nitrogen compounds, but can be a potential problem when its levels increase and accumulate. The toxicity of these compounds is due to its effects on osmoregulation and possibly on oxygen transport [40] . For the specie M. rosenbergii, nitrate concentrations in brackish water must be less than 20 mg / L [41] . Recommending that nitrate concentrations should not exceed 10.0 mg / L in biofloc culture.
Economic benefits of crops biofloc
The economic advantages of biofloc systems to traditional pond farming are generally reflected in the profit margin, based largely on savings in feed, faster growth rates, and increased biomass during cultivation, which is related to high survival rates. However, biofloc systems have increased operating costs of the aeration system, which can be 10-40%, depending on the concentration of oxygen in ponds have to be maintained at 7-8 mg L-1, costs for the carbon source added to the system. Despite the foregoing, [21] reports savings of 14% in a shrimp biofloc system compared to traditional methods.
In our laboratory in one study, Malaysian prawn Macrobrachium rosenbergii raised in a biofloc system achieved a 13.27% saving in operating expenses. In a second study, tilapia Oreochromis niloticus raised in a biofloc system achieved a 12.90% savings in operating expenses compared with the costs in traditional pond farming of both species. The major savings in our study led to less pumping time for maintaining water quality in the system, an increase in survival from 10 to 30%, and an increase in final biomass average content from 20 to 45%. [22] report that, Nile tilapia (Oreochromis niloticus), net production was 45% higher in the biofloc tanks than in tanks without biofloc, where there was also a significant improvement in feed conversion. [23] indicates that the cultivation of Litopenaeus vannamei in biofloc systems led to a 30% decrease in the use of a commercial feed. In tilapia cultivation, producers can expect to reduce commercial feed by up to 20% [24] . Natural food produced by microalgae and bacteria in biofloc systems have high nutritional value.
Biofloc cultivation of Malaysian prawn Macrobrachium rosenbergii
Biofloc technology has been successfully applied mainly in shrimp farming [9] . Despite the positive results, few fish farms use this technique [25, 26] . The benefits associated with the production of aquatic organisms under biofloc technology are apparent, so it is necessary to develop cultivation with omnivorous species in a scheme of sustainability and ecological balance to obtain the best performance with the least environmental impact.
Among economically important crustaceans in aquaculture having omnivorous eating habits, the Malaysian prawn (Macrobrachium rosenbergii) has successfully adapted to farming conditions, thanks to their physical endurance, fast growth, and high survival rate. This species is widely distributed in tropical and subtropical areas and, compared with similar wild shrimp [27] , are a suitable candidate for biofloc practices. Despite this, there are few attempts to cultivate this shrimp in a biofloc system, making it difficult to validate the technology for application on commercial farms.
At the laboratory facilities of the breeding and production technology institute at Boca del Rio, Veracruz, Mexico, cultivation of Malaysian prawns was undertaked for six months in rectangular ponds 10 m × 2 m × 1.20 m high, with a capacity of 20 m 3 , which were inside a shadehouse with shade cloth providing 90% reduction of sunlight. During cultivation, a continuous air supply was provided by a 2 hp blower connected to a 1.5 inch PVC pipe at the bottom of the ponds. Placed in the pond were four clay bricks per m 2 with 3 holes in each one. These served as dens for the prawns.The study measured the growth performance of the prawns under two conditions: biofloc shrimp farming and traditional farming, including standard water exchanges in the latter treatment. During the study the prawns were fed twice daily (9:00 and 18:00 h) with a commercial shrimp diet (El Pedregal Silver Cup with 35% protein), by an estimated 20% of the initial biomass for the first month of cultivation. Subsequently adjusted percentage monthly food supplied in connection with the consumption and increased biomass (Table 1) . To promote training and biofloc production, molasses added daily diluted in water as a carbon source in ponds, in a ratio of 20:1 C: N, according to the recommendations of [10] , considering feed rate. 
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Physicochemical parameters of water during cultivation
During cultivation, physicochemical parameters were similar among treatments and within the tolerance range for growing Malaysian shrimp [28] . The average temperature was 25.90 ± 0.78 °C, dissolved oxygen 5.8 ± 0.55 mg L -1 , pH 8.77 ± 0.18. Transparency in both treatments was within the range recommended by [29] for aquaculture crops (minimum visibility of 30 to 40 cm). If turbidity is greater, there is a substantial increase in oxygen demand.
The average concentration of ammonia during the study remained at 0.1 mg L -1 , N-nitrite was 0.5 mg L -1 , and N-nitrate was 10 mg L -1 in both treatments, concentrations below what is considered toxic. Stability of the parameters in the biofloc system results from bacterial activity, which according to several authors, transform bacteria metabolites to the advantage of the shrimp because they are nutrients, as well as prevent accumulation of toxic products in the production system [1, 10] . By nitrification, where ammonia-nitrogen (N-NH 3 /N-NH 4 ) is transformed by oxidation to nitrite-nitrogen (N-NO 2 ) by bacteria of the genera Nitrosomonas and Nitrosococcus, and others. Nitrite-nitrogen is converted to nitrate-nitrogen (N-NO 3 ) for nitrite-oxidizing bacteria of the genera Nitrobacter and Nitrospira. Ultimately, nitrate-nitrogen is reduced to nitrogen gas (denitrification) by bacteria of the genera Pseudomonas and Achromobacter and others [4, 5] . Unlike biofloc systems, water quality in traditional systems is maintained by continuous dilution of metabolites by influx of fresh water.
Response variables
Survival of the prawns in the two contrasting treatments, at the end of the study, was similar (85%) and is largely attributed to maintaining water quality. In the biofloc system, there was an increase of the contact surface for bacteria, which allows increased prawn density, compared to the traditional density (8-10 org m -2 ) and dens that increased the area of protection during molting (Pineda, 2005) . High survival further suggests that the biofloc does not affect the health of the prawn. Prawns grown in the biofloc system reached a higher weight (15.17 ± 8.2 g) than prawns rose by the traditional method (12.57 ± 7.89 g; Fig. 3 ). Sustainable Aquaculture Techniques 98 [30] raised Malaysian prawns for 182 days at a density of 10 prawns m -2 , obtaining an average weight gain similar to our biofloc system; however, we raised 37 prawns m -2 , and used organic and inorganic fertilized during they study. Prawns in biofloc showed a feed conversion rate that was significantly lower (2.27 ± 0.99), compared to traditional cultivation (2.74 ± 0.91), indicating that the biofloc system with the increased contact area and holes, can increase production of shrimp, along with a saving in consumption of commercial feed, which according to [24] comes from biofloc microorganisms that have high nutritional value and promote growth because the microorganisms contain up to 49% protein [31] .
Saving water during biofloc cultivation
One of the major advantages of biofloc systems is reducing the volume of water required for maintaining good water quality. The biofloc system only recycles the water. It does not replace water with fresh water. Only losses from evaporation need replacement. In traditional treatments, 30% of the water is replaced every third day and 60% every two weeks (Table 2) to maintain water quality during cultivation. Table 2 . Water consumption in prawn cultivation.
Additional water to maintain biofloc water quality was 24 m3, while water to maintain traditional cultivation was 636 m3. The biofloc system saved about 96% of the water needed to maintain nontoxic conditions during production. An additional large saving in electrical expenses was achieved, estimated at about 96% during production time. This is similar to the findings of [1, 2, 3] .
Conclusion
The potential of biofloc technology applied to shrimp farming to promote good aquaculture practices is manifold resource sustainability and environmental care and in reduction in energy consumption. This is important if we expect to maintain current growth rates of aquaculture. Aquaculture is now competing for space and water with other food-producing activities, so that properly designed and improved systems to maintain high biological load in a relatively small space is essential. Intensive biofloc system is a strategy that will promote the growth of aquaculture [32, 33] .
Expanding systems of semi-intensive and intensive production aquatic animals will ead to increasing volumes of waste nitrogen and solids that foul the water [35] . Therefore, reducing effluents and effluent pollution to near zero can only benefit the downstream quality of water in rivers, estuaries, lagoons, and nearshore environments [35] .
While closed recirculation systems increase the costs of installation of equipment and operation of a farm (pumps, clarifiers, biological filters), nitrifying bacteria to maintain water quality and reduce environmental impact of biofloc systems lead to a large increase the density of the fish and shrimp and their final biomass, which more than compensates for the initial investment. In a closed, recirculating system, the biological treatment is within the water. Despite being efficient, recirculating systems require auxiliary equipment (pumps, filters, settlers) that increase installation costs, may limit production volumes, and increases operating costs resulting from continous pumping during the crop cycle.
Biofloc, as a culture, is a closed system that works in the same cultivations tanks to largely natural maintainance of the quality of water. In turn, the environmental impact is greatly reduced. Another advantage of biofloc systems is that the naturally occurring organisms in the system are used as complementary food, which reduces consumption of commercial feed, which usually contain products from marine fisheries. This helps to reduce the pressure on fisheries to provide ingredients for diets used in aquaculture.
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